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Abstract 

To validate a detailed questionnaire for assessment of environmental tobacco smoke (ETS) exposure by the biomarker cotinine in 
various media, a population-based study in the urban area of Malmo, Sweden was performed in children aged 8-13 years with and without 
asthmatic symptoms. There were strong correlations between urinary and saliva cotinine concentrations and also, though to a lesser ex¬ 
tent, between these media and plasma. Even a detailed questionnaire gave only a rough picture of the ETS exposure, as indicated by_the 
biomarkers. In a multivariate model, the most significant questionnaire-derived predictor of the cotinine levels was the maternal smoHng 
habits; other questionnaire variables gave only a minimal explained variance. Children with a history of asthmatic symptoms had statisti¬ 
cally significantly lower median cotinine levels in Urine and Saliva compared to referent children, most likely because of the antismoking 
information to their parents. This should be considered in epidemiological studies of ETS risks. © 2000 Elsevier Science tnc. All rights 
reserved. 
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1. Introduction 

Increased prevalence of maternal smoking as well as lev¬ 
els of the nicotine metabolite cotinine in urine was found in 
consecutive new cases of severe childhood asthma, com¬ 
pared to referent children, indicating that ETS exposure is a 
risk factor [1], However, the relationship between ETS ex¬ 
posure and asthma in different studies has not been consis¬ 
tent [2], This could be due to different study designs. For 
example, we know little about the smoking behavior of par¬ 
ents of children with asthma after the onset of symptoms. 

Further, the exposure assessment in most investigations 
are based on self-reports [3]; hence, they could be biased 
[4], For example, there is a possibility of deceptive underre¬ 
porting of exposure in children by smoking parents. Further, 
several factors are of importance for the exposure, such as 
the amount of tobacco smoked, room size, ventilation, and 
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proximity to smokers. Also, exposure may occur outside the 
home, for example, in cars [5], It may be difficult to esti¬ 
mate these factors in a questionnaire. Biomarkers of ETS 
exposure may be used for validation of ETS questionnaire. 

We found that cotinine, determined in saliva [6] and in 
urine [7], were useful as biomarkers of ETS exposure. 
Plasma levels have also been used [8], However, the rela¬ 
tionship between concentrations of cotinine in plasma, sa¬ 
liva, and urine and ETS exposure has not been investigated. 

Therefore, in the present study, the relationships between 
information on ETS exposure in a detailed ETS question¬ 
naire, on the one hand, and cotinine concentrations in 
plasma, saliva, and urine on the other were investigated in 
children who suffered asthma and in referents. 

2. Material and methods 

2.1. Subjects 

Out of a population sample of urban children (N = 2684) 
living in southern part of Sweden [9], who had answered a 
questionnaire on airways symptoms and exposures, all 137 
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children with asthmatic symptoms living in Malmo, Sweden 
were, during the winter (November-January), invited to a 
medical examination, including sampling of plasma, saliva, 
and urine. However, 52 children [mean age: 10.3 (8—13) 
years, 31 (60%) were boys] did not participate for different 
reasons, including acute illness. There was some informa¬ 
tion about smoking in the initial questionnaire (“Do anyone 
smoke indoors at home?”); this information indicates that, 
among asthmatic children, ETS exposure may have been 
higher among the nonparticipating children (25/52; 48%) 
than the participants (30%). In addition, 27 children (1 
drop-out) who reported no asthmatic symptoms in the ques¬ 
tionnaire, and who were matched for sex, age, and living 
area with the asthmatic ones, were examined. Thus, a total 
of 111 children participated. Their mean age was 11 years 
(range 8-13), 63 (46%) were boys, 105 provided urine sam¬ 
ples, 102 saliva, and 78 plasma for the determination of co- 
tinine. All children and their parents had given their written 
consent before participating in the study. The study was ap¬ 
proved by the Ethics Committee of Lund University. 

2.2. Questionnaire 

The questionnaire contained issues on respiratory symp¬ 
toms (previous or current attacks of wheezing, dyspnoea, 
dry cough, asthma diagnosed by a physician, or asthma 
treatment) and was answered by the parents and their chil¬ 
dren. It contained 16 questions (Table 2) about ETS expo¬ 
sure. Hence, the parents were asked whether they smoked, 
the current number of cigarettes/pjpes per day, whether they 
smoked indoors at home, how much they had smoked in the 
last 3 days prior to the study, and whether friends or others 
■Smoked in the children's homes. The parents were also 
asked for how long they had smoked (cigarette pack-years 
= years of smoking X daily consumption in grams/20), in¬ 
cluding one question whether anyone smoked (at least 6 
months) during the first 2 years of their child’s life. The ed¬ 
ucational level of both parents was determined by the num¬ 
ber of years in education. Also, the living space (in m 2 ) was 
asked about. There were missing questionnaire data on ma¬ 
ternal (N - 1) or paternal smoking (N = 3) because the 
children were of divorced parents. 

2.3. Medical examination 

All participating children were examined by a physician 
verifying the diagnosis of asthma. In addition, all partici¬ 
pants performed a lung function test determining the bron¬ 
chial responsiveness to methacholine. The area under the 
dose-response curve (AUC) expressed as arbitrary units 
was median 15 times smaller (i.e., indicating bronchial re¬ 
sponsiveness) in the asthmatic children as compared to the 
healthy controls (unpublished data). 

2.4. Plasma and saliva cotinine 

Plasma and saliva cotjnine was determined by a capillary 
gas-liquid chromatographic method using nitrogen phos¬ 
phorus detection [10]. An aqueous solution of 5-methylcoti- 


nine was used as an internal standard. The analytical range 
was 0.1-1000 p.g/1 using a 100-p.l sample. The average co¬ 
efficient of variation over the coiinine analytical range of 
1-1000 p.g/1 was 2.1%. 

2.5. Urinary cotinine 

A gas chromatography mass spectrometry (GC-MS) [5] 
method using positive ion chemical ionization with ammo¬ 
nia reagent was employed for the measurement of urinary 
cotinine. The ions monitored were the mlz = 177 and m/z = 
180, corresponding to the (M+H) + ions of cotinine and the 
trideuterated cotinine used as the internal standard. The de¬ 
tection limit was 0.1 p.g/1. The quantitative assay typically 
involved six calibration standards, the lowest standard being 
0.2 ng/ml. The relative standard deviations were less than 
5% (n = 30) at all calibration levels with a correlation coef¬ 
ficient of r = 0.998. Absolute area reproducibility for the 
highest calibration standard for 24 individual calibration 
curves was 5.8% (relative standard deviation). Two aliquots 
from each sample were prepared and two GC-MS determi¬ 
nations were made on each sample. 

2.6. Urinary creatinine 

Creatinine (crea) was measured in each urine sample by 
use of KODAK EKTACHEM Clinical Chemistry Slides 
and a Kodak Ektachem 700 XR-C Analyzer (Department of 
Clinical Chemistry, University Hospital, Lund). 

2.7. Statistics 

Undetectable cotinine concentrations were set at 0.05 
p.g/1. Because the cotinine concentrations were skew, non- 
parametric models, or logarithmic transformation, were 
used. Mann-Whitney [/-test was used for evaluation of 
group differences and Spearmans’ rank ( r % ) to assess corre¬ 
lations. In a few cases, linear regression lines are given. 

All exposure variables from the questionnaire were ana¬ 
lyzed univariately, using linear regression. Backwards step¬ 
wise regression was performed with level of probability to 
remove of 0.10. Possible interactions have been carefully 
considered but were found not to be relevant. The SPSS 
package for Windows 1 * was used for all calculations, 

3. Results 

3.1. Cotinine and questionnaire data on ETS exposure 

The median levels of cotinine in children were low 
(plasma 0.60 p.g/1; saliva 0.30 p.g/1; urine 0,53 p.g/g crea) in 
homes who reported no indoor smoking, and increased con¬ 
siderably with smoking in the home by parents or others 
(Table 1). If both parents (with or without other smokers) 
reported that they were currently smoking in their home, the 
median cotinine concentrations in children were about 3. 9, 
and 17 times higher for plasma, saliva, and urine, respec" 
lively, compared to homes with no indoor smoking. 

Most important for the cotinine level in a child was the 
maternal smoking habit (Table 1). The cotinine levels in 
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Tabic 1 


Relationship between the concentrations of the environmental tobacco smoke 
data on parental smoking habits (yes/no) 

biomarkcr cotinine in 

plasma, saliva, and urine 

in children and questionnaire 

Who smokes indoors at home? 

Cotinine concentrations 







Plasma 


Saliva 


Urine 



N 

Median 

(ng/l) 

Range 

(p.g/1) 

,V 

Median 

(ng/1) 

Range 

(dg/I) 

N 

Median 
(l±g/g crea) 

Range 
(p.g/g crea) 

None 

51 

0.60 

020-1.9 

63 

0.30 

0.10-1.4 

65 

0.53 

<0.10-6.0 

None of the parents, but others 

2 

1.3 

0.60-1.9 

2 

1.2 

0.50-1.8 

2 

4.3 

1.2-7.3 

Father only, but not mother ± others 

3 

0.90 

0.80-1.8 

2 

1.5 

1.0-1.9 

3 

4.5 

2.1-7.9 

Mother only, but not father ± others 

9 

1.9* 

0.70-2.4 

15 

1.6* 

0.50-4.2 

16 

6.3* 

1.9-24 

Both parents — others 

9 

1.4* 

0.60-4.0 

16 

2.6* 

0.60-5.4 

15 

8.9* 

l.l-tj 

Total 

74 

0 79 

0.20-40 

98 

0.62 

0.10-5.4 

lot 

1.7 

<0.10-A5 


*P < 0.001, compared to the none smoking group. 


plasma (r 5 = 0.59, P < 0.0001), saliva (Fig. la) and urine 
(Fig. lb) of her child were significantly correlated with the 
number of cigarettes generally smoked by her at home. 

The paternal smoking was also associated with cotinine 
levels in their children; however, the correlations (number 
of cigarettes smoked; r, = 0.40; r t = 0.53; r 4 = 0.41 with 
plasma, saliva, and urinary cotinine levels, respectively; all 
Ps < 0.01) were weaker than for maternal smoking. 

Consequently, there was a highly significant association 
between the cotinine levels in children and the total reported 
amount of tobacco smoked indoors by parents and others. 
However, the correlations for plasma (r s = 0.59, N — 72; 
P < 0.0001), saliva (Fig. 2a) and urine (Fig. 2b), all were 
only marginally better than for maternal smoking. However, 
the cotinine levels varied considerably between children of 
parents with the same reported smoking habits. The educa¬ 
tional level of both the mother (P =» 0.006) and father (P < 
0.03) were statistically significantly inversely correlated 
with the urinary cotinine levels (Table 2). Also, the educa¬ 
tional level of the mother was significantly inversely associ¬ 
ated with her smoking intensity (P = 0.01). 


Information on smoking habits was available in two dif¬ 
ferent formats (current smoking, i.e- number of cigarettes 
per day, and lifetime smoking, i.e. pack-years and smoking 
during infancy). However, due to the short half time of coti¬ 
nine (about 18 h) and the strong correlation between the 
current and life-time smoking (r s = 0.78,0.58 and 0.50 for 
maternal, paternal and other, respectively) only the analyses 
based on current smoking are presented. In the backwards 
stepwise regression model, all variables that were believed 
to have a relation with cotinine levels, based on a theoretical 
concept, were entered (Table 2). All variables but maternal 
and paternal smoking were removed, leaving a final model 
that explained 34.6% of the variance in cotinine levels. 

3.2. Relationship between plasma, saliva and urinary, 
cotinine concentrations 

There were close associations between plasma, saliva, and 
urinary cotinine concentrations. The best correlation was found 
between urinary and saliva cotinine (r s = 0.86, P < 0.0001). 
The correlation between plasma cotinine, on the one hand, and 
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Maternal smoking at home (dgarettes/day) Maternal smoking at home (cigarettes/day) 

Fig. 1. fa) Relationship between salivary cotinine concentrations in 101 children (78 asthmatic, closed symbols; 23 controls, open) and questionnaire data on the 
intensity Of maternal smoking at home (r, = 0.70. P < 0.0001). (b) Relationship between urinary cotinine concentrations in 104 children (83 asthmatic, closed 
symbols; 21 controls, open) and questionnaire data on the intensity of maternal smoking at home (e, — 0.74. P < 0.0001). 
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Fig. 2. (a) Relationship between salivary cotinine concentrations in 96 children (77 asthmatic, closed symbols; 19 controls, open) and questionnaire data on 
the total intensity of indoor smoking at home ( r ; = 0.74, P < 0.0001). (b) Relationship between urinary cotinine concentrations in 98 children (82 asthmatic, 
closed symbols; 16 controls, open) and questionnaire data on the total intensity of indoor smoking at home (r 5 = 0.76, P < 0.0001). 


saliva (r s = 0,71, P < 0-0001) and urinary (r s = 0.69, P < 
0.0001) cotinine, on the other, were somewhat lower. 

3.3. ETS exposure in children with and without asthma 

According to the questionnaire data, at the rime of the 
study , the smoking prevalence in homes of children with a his¬ 
tory of “asthma” was only 30% vs. 73% in homes of the refer¬ 
ents. An obvious change in the parental smoking pattern of 
asthmatic children had taken place since the infancy of their 
children. The prevalence of anyone smoking at home during 
tfTe children’s first 2 years of life was 50% in children with 
asthma and 77% in the controls. Thus. 43% of parents of chil¬ 
dren with asthmatic symptoms had quit smoking compared to 
only 5% of the parents of healthy children CP = 0.04). 

The average total number of cigarettes smoked indoors 
was significantly lower in homes of children with a history 
of asthmatic symptoms than in the referent children (means 
41 vs. 10.1 cigarettes per day; P = 0,002). 

The cotinine levels in children with a history of “asthma” 
were much lower than in the referents (Table 3). 

There was no statistically significant difference in cotinine 
levels between children with previous and current symptoms, 
nor were there any associations with the severity of symptoms. 

There was no significant different in cotinine levels in 
children with asthmatic symptoms, who had had contact 
with the health care system (physicians diagnosis or medi¬ 
cation; medians; plasma; 1.1 p.g/1; saliva: 0.35 p.g/1; urine: 
1.2 p.g/g crea; N = 13), compared to those without (V = 72; 
plasma 0.6 p.g/1; saliva: 0.50 p.g/1; urine 1-0 pg/g crea). 


4. Discussion 

The most interesting findings of the present study were: a 
detailed questionnaire on ETS exposure only explained a 


limited fraction of the variance in the biomarkers of ETS 
exposure; maternal smoking was most important; plasma, 
saliva, and urinary cotinine concentrations in children were 
closely associated, but with a variation; and children with a 
history of asthmatic symptoms had lower current ETS expo¬ 
sure than referent children, in spite of the fact that the latter 
were few. 

Selection biases could be a problem in studies of passive 
smoking. Indeed, the response rate was lower in the chil¬ 
dren with a history of asthma compared to the referents. 
However, this was mosdy due to an ongoing influenza epi¬ 
demic. Asthmatic children may be more sensitive; associa¬ 
tions between ETS exposure and respiratory infections (and 


Table 2 

Questionnaire variables as potential predictors of log urinary cotinine in 
children in the univariate analyses 


Independent variable 

Adjusted R 1 

P-value 

Age 

-0.009 

0.81’ 

Gender 

0.000 

0.32 1 

Smoking during infancy 

0.31 

<0.001 

Living space 

-0.009 

0.76’ 

Maternal education 

0.062 

0.006' 

Paternal education 

0.043 

0.026' 

Smoking last 3 days 

0.12 

<0.001 1 

Cigarettes/day mother 

0.305 

< 0.00 r 

Cigarettes/day father 

0.15 

<0.001“ 

Cigarettes/day other 

0.098 

0.001’ 

Pack-years indoors mother 

0.24 

<0.001 

Pack-years indoors father 

0.17 

<0.001 

Pack-years indoors other 

0.022 

0.078 

Pack-years outdoors mother 

0.078 

0.003 

Pack-years outdoors father 

0.083 

0003 

Pack-years outdoors other 

0.010 

0.16 


"Included in the multivariate regression model. 


i 

j 

I 
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Table 3 

Concentralio/ts of the environmental tobacco smoke biomarker cotinine in plasma, saliva, and urine in children with current and previous asthmatic symtoms 
(grouped according to severity) and in controls (healthy) 


Cotinine concentrations 


Time 

Symptom 

Plasma (p-gh) 


Saliva (p.g/1) 


Untie (fxg/g crea) 


/V 

Median 

CPS'!) 

Range 

N 

Median 

(ng/l) 

Range 

N 

Median 

(lig/gcrca) 

Range 

Curremly 

Dry cough 

14 

1.2 

0.40—4.0 

14 

0.90 

0.10-4.3 

18 

2.2* 

<0.10-19 


Wheezing 

6 

0.50 

040-2.1 

10 

0.60* 

0.10-1.7 

10 

0.60** 

<0.10-7.2 


Wheezing and dyspnoea 

18 

0.80 

0.20-2.4 

28 

0.50* 

0.10-4.2 

29 

1.6** 

<0.10-22 

Previously 

Physician's diagnosisAnedication 

12 

1.3 

0.20-2.4 

13 

1.0 

0.10-3.3 

13 

0.60* 

<0.10-17 

but not now 

Symptoms only 

U 

0.60** 

0.40-1.8 

13 

0.30*** 

0.10-1 6 

13 

0.70** 

<0.10-24 

Currently or 

Total 

61 

0.70**** 

0.20-4.0 

78 

0.50** 

0.10-4.3 

83 

1.3*** 

<0.10-24 

previously 

No (controls) 

17 

i.i 

0,30-2.4 

24 

1.2 

0.10-5.4 

22 

6.6 

<0.1045 


Compared to the control group: *P < 0.05; **P « 0.01; ***P « 0.001; ****P = 0.08. 


asthma) have been reported by several authors [2], Thus, 
there is a possibility that some children with ETS-associated 
asthma may not have joined the study. Indeed, the initial 
questionnaire indicated a higher prevalence of ETS expo¬ 
sure among the nonparticipating children. This may have 
caused some underestimate of the ETS exposure in children 
with a history of asthmatic symptoms. However, this cannot 
explain but a fraction of the difference between the children 
with and without asthma. Further, the possible selection 
bias should not have any impact on the main aims of the 
study; relationship between cotinine concentrations and 
questionnaire data on ETS exposure, and associations be¬ 
tween cotinine concentrations in the different biological 
matrices. 

The levels of cotinine in saliva and urine were similar to 
those we have found earlier in children [1,11-14]. Rela¬ 
tively few ETS studies have used plasma determinations; 
however, the present levels agree with those in adult non- 
smokers [8], Further, the present study confirmed findings 
by us [1,11,12,14] and others [I5.16J of a general associa¬ 
tion between cotinine in saliva and urine, on the one hand, 
and parental smoking habits, on the other, and that maternal 
smoking is the most significant predictor of the child’s coti¬ 
nine levels. The very low median levels in children with no 
one smoking at home showed that parental smoking is the 
main cause of ETS exposure in children. 

However, there was a variation in cotinine concentra¬ 
tions at a certain level of parental smoking. In theory, this 
could be explained by analytical imprecision; however, our 
methods are much more precise than this variation. Further, 
uptake, metabolism and excretion of cotinine could vary 
among individuals. However, in human experimental stud¬ 
ies, we did not find any large interindividual differences in 
concentrations or kinetics [7]; preschool children, though 
younger than the present ones, had higher urinary cotinine 
concentrations than older ones, probably due to a higher rel¬ 
ative ETS dose. Of course, the variation may, in part, be due 
to misclassification of smoking status. Such is assumed to 
be rather unusual for '‘no” or “yes” [ 11,17], but may be con¬ 


siderable as regards quantification. The multivariate model 
based on detailed questionnaire data on ETS exposure could 
only explain 35% of the variance in urinary cotinine levels. 
Indeed, a detailed questionnaire gave no better information 
than just a few questions. This shows that several factors 
(e.g., proximity to smokers, room size, ventilation, and ex¬ 
posure outside home) that can affect ETS exposure are diffi¬ 
cult to determine using a questionnaire. Hence, the objec¬ 
tive biomarkers are valuable, especially in older children 
and adults, as the potential for ETS exposure in different en¬ 
vironments is even more varied for them, compared to very 
young children. 

Some authors (e.g., [18]) have claimed that some foods 
contain nicotine, and that this could distort the findings 
when using cotinine as a marker of ETS exposure. How¬ 
ever, there are no human data to support it. Ptrkle et al. [19] 
demonstrated that the number of people required to detect a 
contribution from dietary sources is so large that logistically 
it would be impossible to perform such a study. Our investi¬ 
gations of nonsmoking subjects avoiding ETS exposure 
showed extremely low levels of cotinine tn urine [7]. More¬ 
over, the levels increased 100-fold with experimental ETS 
exposure [5,7]. 

The association between cotinine in children and the ed¬ 
ucational level of their parents is in agreement with other re¬ 
ports [12,13,20]. Tn the present study, it could be explained 
by a higher intensity of smoking by parents with lower edu¬ 
cational level. This is in agreement with a higher prevalence 
of smoking in low socioeconomic strata [21], An additional 
explanation could be that the educational level is associated 
with social class, which, in turn, is related to the size of the 
home (i.e., a larger house would dilute the interior ETS) 
(20[. However, in this study there was no statistically signif¬ 
icant association between living space and cotinine levels. 

The validity of cotinine determination has been ques¬ 
tioned, because of a claimed large interlaboratory variation 
[221. in this study, there were fairly good associations be¬ 
tween the levels in the three different biological matrices. 
The correlation between urinary cotinine determined by 
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GC-MS and saliva cotinine determined by GC with nitrogen 
phosphorous detection was particularly good. This demon¬ 
strates good precision. Other studies have also shown a 
good correlation between cotinine levels in plasma and sa¬ 
liva {23,24], but in this particular study the plasma levels 
were difficult to measure due to interferences in the chro¬ 
matograms. The source of the interference is unknown. 

Thus, cotinine is a good marker of recent ETS exposure. 
Interestingly, also past smoking habits and cigarette pack- 
years were associated with present cotinine levels in the 
child. This shows that during the children’s life nicotine ex¬ 
posure (i.e., parental smoking) is rather stable. Similarly, 
Jarvis et al. [25] found stable saliva cotinine levels in a fol¬ 
low-up study of adolescents. To some extent, there may be 
an exposure from nicotine in house dust [26], which may 
stay for a long time, even after smoking has stopped in the 
home. Willers et al. [7] have shown that such exposure to 
nicotine is possible. In the present study, however, there 
was a significant decrease in smoking at home. Thus, the 
low cotinine levels in the present children with asthma does 
not indicate that nicotine in house dust is an important 
source for exposure. 

This study showed lower ETS exposure, as indicated by 
both questionnaires and cotinine levels, in children with 
mainly slight asthmatic symptoms than in referent children. 
The present findings contrast to the higher levels found in 
an earlier study of children, who had newly developed se¬ 
vere asthmatic symptoms. The different types of asthma 
cases could explain the discrepancy. Questionnaire data in¬ 
dicated a change in the parental smoking pattern of the asth¬ 
matic children, probably to reduce the ETS exposure. This 
is. in agreement with findings of Forsberg et al. [9], who, in 
a - much larger cohort that included the present children, 
showed an association between asthma and ETS exposure 
during the first years of life; later these parents avoided ex¬ 
posing their children to tobacco smoke. This finding should 
be important when designing epidemiological studies on 
passive smoking risks. 

Interestingly, there was a relatively low parental smok¬ 
ing prevalence during infancy in the “asthma” group; this 
may be explained by the antismoking information during 
pregnancy to parents of susceptible children. 

ETS exposure in the children with asthmatic symptoms, 
who earlier had been in contact with the health care system, 
was at the same level as those who had not. This indicates 
that the reduction of parental smoking may not be an effect 
on the antismoking information by the health care system 
only, but rather the general antismoking information given 
in society, especially by the media. 

On the other hand, the effect may be selective to children 
with airways symptoms. Thus, the cotinine levels in the ref¬ 
erent children were found to be similar to what we found in 
a population sampled 8 years earlier (medians 6.6 vs. 4.81 
p.g/1) [11], This is supported by tobacco sales statistics, 
which showed no decrease in the amount of tobacco sold 
([27]; Swedish tobacco company, unpublished data). 
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